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Declining Blood Lead Levels
and Cognitive Changes
in Moderately Lead-Poisoned Children
Hotly A, Ruff. PhD; 3clly E. Hijur, PhD; Vlorr: MarKavnz. MD; Yeou-Cheng Ma, MD; John F flosen. MD

Objective.— To determine whether chelauon therapy or Biochemical changes
during a bad-towering intervention woe associated wttft Changes in cogniDVe func-
tioning of moderately lead-poisoned children, it was hypothesized that cognitive
performance would improve as blood lead level oeciinad over time

Design.— Short-term intarvention study witi measures obtained before and af-
ter irttervnntinn.

Setting.— Hospital specialty clinic and university research center.
Pattern*.— A total cf 154 previously untma»«rt rhldmn referred to clinic wtth

blood lead levels between 1.21 and 2.86 tirnoM. (2S and 55 »ig/dL) at Cme of en-
rolment Agee ranged from 13 to 87 months.

Intervention— Enrolled children were treated with edelate calcium dsodium
(EDTA) I eligible and/or with orally administered Iron supplement if iron deficient
For an children, nou«nginBpedioraarKiabatemenipioceiJureswe?epertonrnedas
necessary.

Main Outcome Measures^— •score on bayiey Mental Development Scale or
Stanford-Binet Intelligence Scale (4th edition).

neeuto. — There was no effect of edebiii* uaiulurii owodlum treatment per se. In
the short term (7 weeks), changes in blood lead levels were not related to changes
in cognitive BOOT**. In the, long term (6 months), however, change* in peifoi n»u KM
were signntontty related to ctoi>ges in bloxl lead
confounding variables. The standardized soon* increaead 1 point for every
decrease of O.u (unol/L (3 ng«L) in blood lead level.

Conclusion.— The results suggest an asarrarinn r*tw**n decreases in blood
lead level and cognitive Improvements in moderately toad-poisoned children.

THE EFFECTS oftowtr mnrlerat* Uv-
els of lead on the brain and cognitive
functioning of duldren has become an
important research inane in the last 20
yean. Although the uune Li a complex
one,1 data have accumulated miggotlrg
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that even low levels of I»ad affect <M
drefl's psrfonasAce on standardized
tvshiatioiu^f cognitive functioning. The
nuawous crass-sectional btudiestodata
converge on s strong conclusion that
tUore IB * uegiiLivM nMMiwiittion between
lead iavds and tnUltoctnal parfomune*.*
Twn MMinplMt Hhnw th» g?n»r*l «it» of
iheasuciation. Naadleman et al'repon-
•d that IctalUgsnoe teiit Mom won ap-
pradmatory 4JS points lower for school
chUdrtn with modenteiy high dentine
load levcb than for einWi^n with low

ientine lead leveia. Fulton et al' found a
3 Jt-potnt difference in scorea on tee Brit-
ish Ability Scales between thair highest
and low«gt blood load (BPb) groupn
(range. 0.14 to 1.64 urnol/L [3 to 34 |tg/
dL)). The associations observed in thine
atudus remained significant when an ar-
ray of appropriate covariaus were ftc-
cuuouxl lur. although this was not neces-
sarily the caaa in other aaidjea.

"s«« also pp 1614,1M7, and 1679.

in the past decade, these cross-sec-
tional studies have been ku^tjlejueuueu
by a number of \aty» proepective stud-

,ia* in which ^xp"""* *" '««H '" nt*m
and later neurobehavioral functioning
have been investigated."1 The investi-
gators in such studies gathered infor-
mation about the tuning and extent of
t he exposure aa well a> about many oth-
er important social factors that iffect
neurobehsvioral development. In many
of these studies *" but not ail," there
has bow a significant negative sssoci-
adon between prenatal exposure to toad
and early neurobehavioral functioning
after control for relevant background
factor*. The relationship of cognitive
functioning to prenatal exposure seena
to uiminuth with dme'*41 but may be
rapUeadbyanaasooatkm between post-
mtuU exposure and cogntdre pertor-
^rtjomflf VTftiUrhael et al/' for exampiet
fmmd that a cumnlstiv* indue of port-
natal lead exposure vac related to scons
on the McCarthy Scales at 4 yean of
age. BeUtngar et sT found that McCar-
thy General Cognitive Index at 4 to S
yean of tga w« not related to the groups
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stratified by prenatal lead level but was
related to lead levels at 2 years of age.
Theie inve&ug*.»n have not document-
ed a signifcant association between ton-
current RPh l«vel« and performance Li
the first few ya&n of life after potential
confoandera were taken inio account:
the significant sasociaticna seem to be
between performance and either cumu-
lative or prior BPli levels.

There are a number of difficulties with
trying :o isolate rho causal offuet* of
lead from other potential influences.1 Me-
ta-analyses* cannot address che issue of
causation, and although reany recent
studies have involved a careful consid-
eration of confounding vai aiAun. the con-
trol for these varubles is necessarily
imperfect. The crir.ir.al nrweia of ob-
taining convergent evidence requires
that observational studies be supple-
mented by studies in which lead level is
specifically manipulated. Fnvesagationa
of prunatcf; oyutcmatically expobeii LU
lead demonstrate that there are small
but aignificaitt effects of low to moder-
ate levels of lead on behavior.1** Al-
though such studies cannot be conduct-
ed in humans, It is potaille to examine
the correlatesof decreasing lead burden
as a result of intervention in children.

Very few stodiei of the effects of che-
lation treatment on neurobehavioral out-
come* have been conducted, but two
earlier studies by David and col-
leagiW'-" provide suggestive data.
They found that the parent and teacher
ratinpw nf hyp«ra<rtiv« children with *
hiacory of lead toxicity improved after
12 weeks of treatment with an oral
cheiating agent. However, these invvs-
Ugators did not addresH the issue of glo-
bal cognitive cfaautfws, the main outcome
variable in other studies, and the num-
ber Of rabjnrtM wan email. Th«r«for»,
the current report involves analyses of
data from a large study of neurobehav-
ioral nmeuoning in children who were
subject to systematic medical and en-
vironmental intervention Ujutuue of
moderately high BPb Isvela.

In a pravioiu ardd« from t h* nurmt
study,19 it is suggested that chektion
treatment with edatace calcium disodi-
um (EDTA) was not significantly re-
lated to changes in BPb values. Levels
of BPb dMreoecd in both groups of chil-
dren regardless of dictation therapy dur-
ing the course of the study, and th«*
was considerable mterindhridua! varia-
tion in the amount of change, For this
artldtt, we analyzed tne effects of ede-
tate calcium disodium eh elation treat-
nwntr, hirt mar* Mnpbasia wa» plaood on
change in BPb level regardless of the
reason for the change. The goal wan to
examine the relationship between
changes in BPb level and changes in

performar.ee on standardized sssess-
rnents of cognitive furxtionme. Because
••ve examinee both short-term (7-wt>ek)
and long-term ffi-zionth) changeo, we
were able to ^jianuae the concurrent
va cumulative effect* of declining BPb
leva*

METHODS
The study involved two forms of med-

ical intervention: (l)chelttion treatment
fcrsn excMeive body burden of lead as
denned by th» urinary excretion of lead
doling an X-Kniir «d«tato calcium diso-
•jjum lead mobilization test (LMT),*"1

conducted on ah •nrolled cliiHren at time
1; and Cj; iror. eupplwne/itauon for chil-
dren who were iron deficient or de-
piatod (fcrritin level, <ia M-K^-)- I^un
wu important for theoretical u well as
clinical reasons beew>*« ir it potentially
both a cunfounder and a mediator of the
affects of lead."* Children were enrolled
in the study if their tfr*b levels at the
rme of enroLmunt wore between 1J21
and 2.66 ^.moi/L (26 and 65 H^dL), and
their er/throcyte protoporphyrin (EP)
levels were Rreater than 0.66 lunol/L.
The study #aa approved by the local
institutional review boards, and consent
• M obtained from tne parents or guard-
ians of all participating children. If the
child's LMT roault wa§ pooitivc, u-e»t-
nent consisted of 5 days of in-hoapiial
administration of edetate calcium diso-
dium; if the child was iron deficient, an
orally administered iron supplement was
prescribed. TLc enrolled children could
be giver, both forma of treatment, nei-
ther form, ir m>.hmp on* of th*m aloa*.
For all children, there were sequential
inapactions of the home and largely suc-

s to eliminate exposure
paint through existing

codes.
The children's cognitive development

and behavior ware AVHluntAd tt UITM
:ime points: time 1— ippnndmately 1
weak after enrollment and before the
•.reatment course wan determined; tin*
3— approxiinatelyTweeks after the first
visit; and time 3 — Approximately 0
months after the first visit. The depen-
dent variable waa the child's perfor-
mance on a global test of cogutivt func-
tioning. Assessors were bunded to the
treatment status of children and to their
BPb levels.
Sampto

The subjects of this report were 164
children selected from the 196 previ-
ously entreated children enrolled in the
atody. The •elecUun crhsrta wen as fol-
low*: (1) complete data toe BPb and EP
level*, cngfrittv* AuutioiBBg. sad all
background factors except mother's IQ
at tine 1; and (2) no outlying values on

cessful attem
to lead-b

the main biochemical or cognitive vari-
ables El toft 1. PrpHrrinary unstlyw
showed that BPb level greater dun 146
timol/L(51 iig/dL).EP level greater than
4.U iimoi/L, fcrritin level greater than
50 |ig/Li and cognitive test score greater
than 111 were statistical outliers for our
sample. In the SYSTA.T program uasd
for these analyses, an outlying valu« wa«
defined as 25th percenuk scorenuius 1.5
times the range between die iSA and
75th percentile scores or the Yoth pereen-
tile score piiu 1 £ times that range. For
•xampls, the 2Sth and 76th percentile
scores for BPb level were 26 and 36;
dieretbre, outliers were any value out-
flide of the range between 11 and 51.

When the ahott-term changes (time 1
LU time 2) and long-term changei (time
I to time 3) were analyzed, the numbers
of anbJNts wore r*diu*d to 14fi and 120,
respectively, becauee the data at either
time 2 or time 3 were mcomolete. There
were 126 children with complete data at
oil three times.

Within 1 w»«k after •nroUnMnt, «ach
child was seen for a battery of cognitive
iicd behavioral testa. Only the global
test of cognitive ftwK*'«"''"g will be dealt
with here. Within 3 days of this *valu-

ittrvy it mi UtfFsnd
a newly obtained blood sample was an-
alyzed far RPh, EP, and femtm kmls.
Based on the results of the LMT, the
ihfld was either hospitalized for a 5-day
coarse of treatment or did not receive
trtatfffrt -1* An 0*"̂  adnrinistitrfni iron
mpplonoat (6 tag/kg per da/) was pr«-
acribed if indicated, and a housing in-
spection waa conducted for all children.
Except for the LMT, which depended
on current BPb level, this process wan

•repeated approximately 7 weeks later
whether or not the child had been hos-
phalisMi tar cdctato **•'»'""' ciaodrum
chelation treatment and again approx-
imateb* 6 months after enrollment The
cognitive and biochemical measures
wen therefore closely linked in time.

Th« oateonw BMMUM WM m glebol
index of cognitive functioning. Because
of the age range of the children, it waa
nsceasary to use two different testa. For
the younger and the more immature old-
er chfldwn, w«wluiiutel«nxi tneBayley
Scales of Mental Development." The
Barley iaManHnnHwd for ohiUnnagMl
30 months and younger and yields a sin-
gle scare, the Mental Development In-
dex. Tne ottter test, the Stanford-Blnet
Intelligence Scale (4th edition),11 yields
a eosoposite IQ score. Oath test* pro-
vide standard scores with a mean of 100
and an 3D of 16.
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The Stanfard-Binet is in;ended for
children AA yo-mg o« 2 yean of age but
was too difficult for many of the children
in our sample. Therefore, we adminis-
tered the Bayley to 24 children who were
older than the standardization sampia.
Thcac children wvre not at. J* row score
ceiling of the teat even on their last vis-
it. In the absence of nnrm* for chiJdnn
older than SO months of age. we esti-
mated Mental Development Index by
subtracting 3 Mental Development In-
dex points from the 30-month norms for
•very month over 30, our owu cAirap-
olation from the relationship of raw
scores and standardized FCOWW h«t we«n
24 to 30 months of age.

Because of this use of the Bayley, the
wide age range, and itie tact thai 40% of
the texts were administered in Spanish,
we estimated the reliability of the teats
in our sample by correlating the global
cognitive scores at time 1 with those *r
time 2 and controlling for age at tune 1,
the presence of edetaie calcium disodi-
iuii chelauun treatment between the two
visits, and iron status at *frn« 1. The
reliability coefficientt by particular teat
and language of administration were nil
reasonably high (.73, .71. .S3. and .70 fcr
the English Bayley, Spanish Bayley, En-
glish Stanfbrd-Binet, and Spanish Stan-
ford-Bind, respectively). The correla-
tions for separate age groups were .74,
.79, and .f&, respectively, for the ohil
dren aged 24 months and younger, tlie
children from 26 through 41 months of
age, and children older than 41 months
of age. Within the middle age group, the
children were either aduuuialvrud the
Baytey at all times, the Stanford-Bluet
at all $nu» or Rwftnhml from the Bay-
ley to the Stanfbrd-Binet if their fano-
tioning warranted it The reliabilities
for these subgroups were .73, £S, and
.71, respectively.

The independent variables were ual/*
egorical when the effects of chelation
treatment were tested and wmtifiwnw
when the relationship between biochem-
ical and cognitive changes was tested.
Blood lead level (90% confidence limit,
<0.06 uxnol/L [1 JO ug/dLft was measured
by graphite ftirnaoo atomic absorption
ipectrosccpy.** The EP level was de-
termined by the extraction method of
PiomellL1* Our laboratory participate*
successfully in the proficiency testing
program* uf Nfow York. NY, and the
Centers for Disease Control and Pre-
wmt.Tnn. A tlants. Ca. Ferritin was moa
sored by radtomnnunoaasay. The
intra-asaay and Interassay coefficient*
of variation were 3% and 4%, respee-
tively.0 Ferritin levels were missing at
ooac time point* for eigiil uhlldnfli
whose data were otherwise complete.
To replace these missing data, wr r«-

greased ferritin level on age and used
the vaulting values to estimate musing
ferritin values.

A set of background vannhl^ ««rvcd
as covariatea hrthe analyses. These in-
cluded age, sex, birth order, household
size, soooeconoiric status, score on the
Caldweli HOME inventory, the number
of prenatal complications, the number
of perinatal complication*, and the lan-
guage of teat administratmn (Spanish/
English). The language variable was
strongly related to race because most of
the sample children were either black or
Hispanic, but it was more strongly re-
lated to the other variables thin race.
Age, sex, and language of teat admin-
istration were kept as Heparaw vari-
ables. The other variables were reduced
by a principal components analysis; on
Um UMUB of the factor leadings. HUM£
bcora and aocioeconomic states were
«tand«rdix»d and »dd*d, on were birth
order and household size; the number of
prenatal and perinatal complications
were simply added to provide a single
index of complications. Because all po-
tential covu-iaUu witro related to either
the cognitive or biochemical variables,
we UAwi All nf th» vambMs in th» r»-
dueed set as covahates in subsequent
analyses. Maternal IQ*1 was bested sep-
arately as a covariatebeeauae there were
more missing data for this variable, but
it never dimlnuhed the relev aui effwctd
tnd will not be mentioned further.
AiHtyve Strategy

We used repeated measures snalysia
of vaituue descriptively to determine
whether changes in mean levels of the
biochemical and cognitive varimbles over
tine were significant. In dealing with
the effect of edetate calcium disodium
chelation treatment on cognitive index
(CIX treatment with edetate calcium di-
dodlum was entered as a categorical in-
dependent variable in an analysis of co-
vaxiaiwe with initial CI controlled for:
thieu an example of "regressed change"
and u preferable to a simple analvriB of
varisnce of change.3 Because of the wide
age range and the relationship of age to
fj^ bitMlMffiiml variables and the CI,
age at time 1 was included in all equa-
tfonm. Th* effect of iroa tuppl»m«nta-
tion and tta interaction with chalation
treatment were alao tested. For the
snort-term and some long-term analy-
ses, all children were coded as either
treated or untreated, number of krtMUr
meats WM ignored For other analyses
of long-term effecta. the chiUhwn who
were never treated were compared with
those who were treated only once be-
tween une i and time 2. For the final
analyses in each case, all covariates were
entered beeauae no intsraodons between

the covariates anJ treatment were
3igniBca.il.

For the main analyaes, we examined
regressed chcng* in CI in relation to
changes in BPb level during the study
period. AJ with the iinalynes of covari-
ance, the dependent variable wa* change
in CI; the major independent variablo
was change in BPb lev«l wicti cunirol fur
dge, the initial level of BPb, and initial
CI. Po»«ibl« int*r»(*inn« )x4wMn n^e
and change in BPb level were tested, as
were possible interactions between ini-
tial BPb level and change in BPb level.
In the next step, change in ferritin level
wea entered u a cor«riat« and pctetiUal
confoander. In the third and final step,
all covariates warn antAmt tn rirt-^r.
mine whether the observed effect was
at£U present. Interactions between the
oovanates awl change in BPb level were
tested but found to be nonsignificant.
Significant effects were Mated for the
effects of ir.dividuals with undue influ-
ence; none were found.
RESULTS

The age of the children in toe sample
n the first visit ranged from 18 to 87
aioatho. The children were almost all
either black (37%) or Hispanic (58%),
and 57% were boys. Sodoeconomic sta-
tus ranged from o to 60 on the 4-faetor
HoDingahead scale where 60 is the max-
imum; the median was 17. In terms of
early history, 63% had at least two pre-
natal or perinatal oompboitionr Iboto
data suggest that the sample consisted
of children who wtredifladvantaged and
at risk for developmental delays. Not
surprisingly, therefore, the median score
<ju either ihw Bayley Scales of Infant
Development or the wised Stanford-

_Rfn»t at nm» 1 wVu 795. with » rang*
from 47 to 111; the median maternal IQ
as measured in 12S of the mothers was
39, with a range from 67 to 120.

The BPb levels of th« sample at time
1 (1 weokofter enrolLucul) nuqfni trvm
0.68 to&22 junol/L (13 to 46 pg/dL) with
a median RPh W*» nf 1M nmol/L
(30 mi/dL). The EP levels ranged from
0.51 to 4.12 |UBol/L with a median EP
level or 1.4V (unoi/L. t'errtdn leveis
ranged from 2 to 49 u«/L; 60 (89%) of
tho 164 children were iron deficient and
treated accordingly. Of the 154 children,
93 (60%) wen not eligible for treatment
withedetatecaktamdisodmmwhaethey
were in the study: 86 (28%) were treat-
ed only once; 19 (12*) wen treated
twice; and seven (6%) were treated at
all three tone point*. Only H (9*) of tho
children were treated with both Iron
pjyf flffa^pt^ «flr«fr|ffl ^jjmllmn gt "̂19 1.

AH of the analyses reported herein
wen also performed with EP level as an
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to similar inferences u the analyses with
BPb level, and there was no evidence
that EP level was independently asso-
ciated with cognitive functioning. There-
fare, we report only the findings lor BPb
level
Reieflonsiltip Among Cognitive,
BlochsjHitc ili and Background
Variables a* Tlnwi

The first question is whether BPb or
ferriun lev«l was related to the CI at
time 1. The CI at time 1 wzx regressed
on Ag-» ind •ithtr BPb cr fetritin I»v«l
(Table I). Blood lead level was not re-
lated to the CI «t time 1, and there wu
no interaction between BPb level and
age or the particular test used. In con-
trast, coKiiiiive uer&iruuuiCB wau tug-
mficautly related to ferritin level <r/en
with Mi« */Wition of tba e«t of back,
ground futon (partial correlation, .265;
there were no interactions between for-
ritin level and age or the particular test
used. As can be seen in Table 1, every
microgram per fater increase in fert-iLu-
level repres«nu about 0.3 points in the
CI. There wu no intanrtinn
BPb and ferritin level*.
Description of (
Over TBYM to Btochsmlcwl
AM^ t̂jMMAMv^K k/A«^AA^^A•no l/UIJIIIUVS) VOTSBaM

Table 2 present* the means of the
biochemical variablee and the CI for the
126 children wfco provided data at all
three dm* points. Blood lead level*
decreased aiipnflcantly. Femtm levei
inemaed significantly, but the sepa-
rata m«ttu for th« iron-cufflcicnt and

iron-deftcient children showed that
fsrrifin levels increased tigaif »***)$
only for the children who were deficient
at tima 1.

The mean CI increased to a. small but
significant degree over time. Table 2
also Bhowt ihv rcmitts btspMraUdy for
those children given :ha Bayley or the
Stanford-Rin^r at all three tinw> pninut.
Tha children given the Baytey changed
very little while the others improved.
Since, by definition, these two groups
differed in ago, a repeated measures
aaolyoiu of variance using the data bom
±e entire group was used to teat the
effects ol' age on the mean CI as well aa
on change* over time. Younger children
not only had lower scares overall, F (1,
i22)«ajj, p< .06, bat there wa» a signif-
icant interaction between age and
change ovwr time, with the ncorcu of the
youngest children declining and the
scores of older children increasing. F (2.
24*>7j5. P<COL In disadvantaged
groups of children, it is not uncommon
ui MM a downward trend in Mantal De-
velopment Index around 2 years of
agw." Th* incxwaiM in mean COONS from
time 1 to tine 2 observed in the older
children may be due to warm-up or
practice effects.
Th* CflMta of Eds*** Calalum
Dtaodhsm ChobNton TnMtnwnt

<>hiMn>n w»r* on «vw*g* 8
to 9 months older than untreated chil-
dren. In analyses of ccvariance with age
and inittftlCl controlled, the main effect
of edetate calchnn disodium treatment
irma nonsignificant between time 1 Add

TflMn 1 nnUHnn̂ ip ft CignMM IrMM (CI) to aiodumtod VwMM* at ThM 1

p -
.OS .M3 .SO

Ag* pkj* MI M twnoraund laean
FOfHBfl WM4

.02
16"

.047
JSf
484 .09

Tfcra I oceurraa appradmtty I *••* aasr *ww.mem tat ottnm inMnrnr nun
ftho dooendem vatMDW •mint M CI at km i. Th» Mate wgraaiton tê Mien to •

Agt +Blood LMd or FMTttM - - - - - - - - - - - - -
• Coniunt <•

time 2 with and without other back-
emunrt favors controlled. F(1. ISfiXI.O.
P».48. The effect of edetate calcium di-
sodiuin treatment in the long term was
also nonsignificant,/Vl, 120X 1.0, P-.94.
In addition, the unchelated children were
not dUfelcuL in llw luii|f Lerill from thoM
who were chelated only between tine 1
and tiiflft 2, f 0, W>< 1 .ft, P-.78. fn non«
of these cases was there any evidence of
an interaction between edetate calcium
disodium treatment aad iron supp^men-
tation. Table 3 presents the mean Ch
for th«»e three compoiioona. BimpU, un-
adjusUd anaiysen of variance yielded
the name results.
Trie} rWlniOnWIIp Of BSxWIOfRn
Ctwnge* to Blochwntoal Chmgo*.

The central question of this report
thcicfbrc i^ In what wuy were cognitive
changw related to chance* in the bio-
chemicii vamblev. particularly BPb lev-
el? In the short term, the change in CI
wss not related to change in BPb or fer-
rtdn concentrations. In the long term,
however, changes in BPb level were re-
lated in the oxpoctod dinction to
changes in the CI from time 1 to time S
(Table 4); that is, CI inereaaed as BPb
levei decreased. There were no signifi-
cant interactions between change in BPb
kveJ and aw or initial levei The revnttt-
sion coefficient (-310; P-.05) Increased
alightly whw ahong* m /wntio Uv«l and
the let of background covariates were
added 1-334; P<.06X la general, these
results suggest that the CI increases ap-
pnounately 1 point for every decreaaa
In OTb l*v«i of 0.14 HUtwlL (3 pg/di.).
Changes in ferritin level were, however,
not ralar«i M rhangm in f.T (T«hl« 4).

To translateJhese finding! into more
concrete terme, the children were di-
vided into suogroups accordmg to the
median change in BPb level during the
6 months. Change in BPb level ranged
froa a decrease of 1.4fi jiinol/L
fttO tt«/dL) to an increase of 0.39 mool/L
(8 «/dU. Children who were below the
median (decmaaee >034 junol/L

Taate^— QMcriotpn of Chanô  During Cou»» of SiueytefOiliawSeaft^

TliwS

F«ntin MOH. itgi, 19.4(10.7) 200(103)
Otattani *iw 1 (iMU) MCU)

LI (S.t) 24.1(11X2)
88.1(13.81

O^ r̂«c«»(ii-ao> 744(14.1)

SIS (102)

•IMS1« ewi
i * eaiwiinn wth to* as *• . 24S>17J ard A: 001.
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Tatil* 3.—Cningt in Cooniava PMformanc* Accorong le Cmsaon Tmiim«m Saw

SnceHmn cningn m CI
UnMSM (rv41) 714(12.8) 82J .12.4)
TnM*M(n-*4) r9.4(i».B) 614113.))

long-urn enorg** m CI
Unm*l*4 <n.M)
Tr**M |r»4»)
Tr**M one* <n«27)

78 J (11 4)
78J(lS.t)
79.B(H.S)

Si J (123*
634 (U 8)
824(14.2)
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occnrred in BPb level durir.e the 6
months in the iroa-snfOdent group (iron
deficient, BPb level*-OJQ nmol/L
(-U tifcVdL]; iron suffldent, BPb
level.-0^8 mnol/L f-7.B (xg/dL)). Nor
ww tAAM a di£Car«naa in pattern of cog-
nitive change over tirae, although than
WM a mean difference in absolute level
(iron deficient, CI-75J5,80.7, and 802;
iron sufficient, CI>8U, 818. and 34.2).

was

[7 mj/dLl; n«60) ihow«d an increase of
X4 points on th« C'L Chfldrtn at or above
Uu mediae were divided at no chane* co
icpant« the data far children wltobe BPb
levels did not change or actually in-
cresMd: the children batwMm r>n m«<u
an wid no change (decreases of 0.06 to
0.34 imiol/L [1 to 7 jig/dL]; n»68) im-
proved ao points; the group whose Ufb
levels stayed the ume or increased
(ni-16) dtoliaod in CI by 9.0 points. These

• patterns innwscoreehaage are iUustra-
tiye only but are consistent with the pre-
vious regression analyses showing an as-
sociation between BPb level and CL

An alternative explanation of the ob-
served MBociation is that a third vari-
abl* eontribuUd to ohxn^ma in BPb level
and was independently related to im-
provements in cognitive scone. For ex-
ample, enhanced nutritional status may
facilitate the excretion of lead and, in
parallel, be uum&lwl with levels of
ftleruiess or attention *hn* make it pos-
frihl* for th» child to benefit from r«-
peeted testing. Because iron status could
conceivably play iuch a role, we exam-
ined the iron statna of the tubgronps
described herein. There were no differ-
«ncM in the proportion ofciiiklreti wku
were iron mfflriant at the time of en-
rollment acroea the BPb change group*
(68%, 60%, and 66%). In addition, when
the children who wen iron deficient at
enrollment wen compared with those
who wen iron sufficient, then was no
«videao* chat a Urgw mwui dcocaac

In the absence of "halation therapy, a
reduction or ellmlnatlouof exposure may
have led to decreases ir. BPb ievela, Such
dccrcoooo may hav« occurred for both
chelated and nonchelated children, there-
byobscuring the effect of chelation treat-
ment per se. The lack of a treatment
effect may also be related to the (act
that all children received a modest dose
cf edetate ""iln'iim disodium during the
LICT at tirn* 1. In addition, only onm
outcome variable was assessed here, and
the lack of effect of chelation on CI can-
not be generalized to other memBuren of
cognitive change.

Evvn if we had found a significant
effect of edetate "ai™"n disodiun creat-
nwntattheinirisl m««iair»in«nt,it would
have been important to ahow a relation-
ship between biochemical and cognitive
changeeoverome. Based on the assump-
tion that the children's cognitive func-
tioning *i the W|{iuuiuK of the study
was in some way affected by elevated
RPh fowls, th»n decnasM ia BPb Uv-
el», regardteaa of their source, wen ex-
pected to lead to improvements in per-
formance on global testa of cognition.
Specifically, we expected larger de-
cnmmem m DPb Uvel to be Moompauinl
by larger increases in the CI. The re-
milts suggest that this fat the earn during;
a 6-month period.

When age, initial levels of the rele-
vant variables, change in remtm, and
background factors were controlled
for, thai* was on inor«OM of approxi-
mately 1 point on the CI for svery
decrease of 0.14 umoj/L (3 ug/dL) in
BPb level The sue of the observed
relationships of BPb level and cogni-
Uvw pitrfiNniuuKtf ia biudkr u> Jut

of t>)» associationt re-
The flnrt qumtinn w*

whether there wen any «»t«ti™«hip«
between the biochemical variables and
cognitive functioning at time 1. The only
significant relationship was a moderate
corralntian of Mot performance with tur-
Httax leveto such that evary increase of 3
ac/L in serum feiritin level was related
to an incness of 1 point on the CI. The
fact that we c^ not see a relationship of
Brt level to cc^njaoninthis Initial cro«e-
leetknal anatyaB is consistent with the
data ftam th*> pmpcetivo atudiou where
children lees than 5 yean of age have
bencbearved.*^ Although there is lit-
tie evidence from tboae studios that BPb
levels an cmcurnntiy related to gener-
i*l cognitive perftcmanee in the early
yean, then ia evidence for a cumulative
nriMayml msoriadon b«tw*«o cognition
and poetaatal expoaure to load.

The feet that there wai no effect of
ehelatloa treatment may be related to
the prseenee of other interventione, such
•a abatement procedurea in the borne.

.ported by Bellinger tt sl,T MeMichwl
et al," and Schwartt." Although the
amount of variance accounted for is
not large, it is noteworthy that a pos-
itive cognitive effect associated with

CPb coTMMitrmttauB w«*> de-
tected in a groop of children whose
oognitive functionino; eooki h«v« hM»n
adversely affected by many nutri-
tional and social (acton baton the
study began and by multiple stresses
during the study.

It might be argued that the lack of a
concurrent retationahip between BPb lev.
el and the d at time 1 weakens infer-
enose ftv^nT, g ciuaal f^*1 of <<»"i<««!n»
BPb level on cognitive (unetkrdag. It
would be constetent wKh pnvtaia find-
ings in young children, however, to con-
ddsrtheCIattime 1 ascftmetkmof the
child's earlier or accumulated etpueutg
tok^ntherthaneurnatBPbvataee.
The bet that we found no significant re-
suka after 7 week* but did to after 6
months Suygevbi Lbat> Uu> IIU|K\IVBIIMU|JI
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in cognitive performance were also re-
lated to the cumulative or delayed efiect*
of decreasing DTb levek.

The mean values in Table 2 t»how that
the CI ucreamri hrfomm tint* 1 and
time 2 and then tended to stay the name.
Blood lead l«v& tended to decrema* most
from time 1 to time 2 and then decreased
very little thereafter. Yet the relation-
ship of changes in CI to change* Lt BPb
level wen aignificantover the long -*ra.
The short-term increase in mean CT may
be largely a practice affect » phenom-
enon that would be leas likely to occur
during a 6-month period, I'ha changes
between time 1 and time 3, therefore,
aro probably a bettor ooocMraoni of fun*
damental changes. In any caae, over the
long term, there was considerable vari-
ation among the children with uune chil-
dren increasing and loroe decreasing in
CI Mure* over tine. It ia this variability
that is related to variability in the di-
rrrtion and d*gro« of ohango in BPb.
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One pctencial confounder was treat-
ment for iron deficiency with resulting
tocrea«e» in ̂ on level* during the course
of the study. The caae for a contribution
of iron trtaunent la particularly slruug,
becauna a number of children were iron
deficient anrt w»r« traaud *ath iron but
not edetate calcium disodium a.id also
because initial cognitive level WH* re*
latad to ferritin but net to BPb leveL
Using femtin as the index of both dc-
fiaanay and iaaprovement. howwer, w«
found no evidence that increases in fer-
ritin were related to improvements in
cognitive performance.

The results of thia itudy contribute to
the iuulerutandlng of the ettects ot mod-
ermte lead poisoning in young children
and provldM rowilto that confirm and
supplement those fromanumber of stud-
ies with different methods. It is net iic-
powible that some unmeasui'ed variable
caaaed independent bat parallel
changes in DPb !cvw'. mid cogniuve per-
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formance, and we must remain cautinus
in making causal utnbuuoiu. The data
ore coiwistent, however, -*aih the pres-
ence cf an association be:w«en cogni-
tive chitugw and changes tn le&d levels.
Further resaarch into the cognitjvo ef-
fpi** nf <h«iation tro»tnwot and otn«r
forma of intervention is clearly needed.
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